Am J Health-Syst Pharm. 2010; 67(Suppl 6):S2-3 V enous thromboembolism (VTE) is a common and costly cause of morbidity and mortality in the United States. Each year an estimated 600,000 Americans experience symptomatic VTE.
by accreditation and governmental bodies.
Anticoagulants play an important role in reducing the frequency of VTE. Currently available agents have shortcomings that make their use problematic, especially in certain patient populations and clinical scenarios. Several new anticoagulants under development offer advantages over traditional agents, including the potential to improve patient outcomes. Health-system pharmacists have a key role in efforts to improve anticoagulant use to prevent VTE, particularly in evaluating the place of new anticoagulants in VTE prevention.
The first article in this supplement describes risk factors for VTE, quality improvement efforts aimed at VTE prevention, and strategies that health-system pharmacists can use to improve anticoagulant use and outcomes in patients at risk for VTE. In the second article, the difficulties and issues associated with VTE risk assessment and the use of drug therapies for VTE prophylaxis are discussed. The third article provides an overview of the shortcomings of currently available anticoagulants and the characteristics of some of the new agents demonstrated in Phase III clinical trials. The mechanisms of action, pharmacokinetics, administration, efficacy, safety, and potential for drug interactions of emerging anticoagulants for prevention of VTE are described in detail. Finally, the fourth article discusses several clinical and management challenges related to the use of anticoagulants for VTE prevention in health systems.
R
udolf Virchow, a 19th century German physician and physiologist, described the three main types of abnormalities that can result in thrombus (clot) formation in blood vessels: endothelial injury, circulatory stasis, and hypercoagulable states. These three abnormalities-known as Virchow's triad-are the fundamental causes of venous thromboembolism (VTE). 1 Virchow understood that injury to the vascular endothelium (i.e., lining of the inner wall of blood vessels) through trauma, surgery, or insertion of a catheter provokes a cascade of events, including fibrin formation and platelet adhesion, and results in clot formation. He also recognized that clots are more likely to form in slow-moving blood than in blood that flows swiftly. The forces (i.e., pressures) that propel blood and the rate of blood flow are much lower in the veins than in the arteries, so spontaneous clot formation is more likely in the veins than in the arteries. A near cessation in blood flow (i.e., stasis) alone can provoke clot formation. Circulatory stasis and clots can occur during prolonged periods of immobility (e.g., in elderly patients or air travelers).
Virchow also was aware that some people are more or less prone to clot formation than others because of hereditary deficiencies or genetic mutations (e.g., people with hemophilia have a reduced tendency to clot because of a deficiency of clotting factor VIII or IX). Clot formation is associated with numerous hypercoagulable states (i.e., thrombophilias) characterized by excessive amounts of procoagulant substances in the circulation or deficiencies of endogenous anticoagulants caused by heredity, genetic mutations, acquired diseases, or malignancy.
Virchow understood the role that the three phenomena-vessel injury, blood stasis, and circulating factors-play in the development and propagation of clots. He reached this understanding without the benefit of electron microscopes, mass spectrometry, or enzyme-linked immunosorbent assay. Today's clinicians can still use Virchow's triad to identify patients at risk.
Identifying patients at risk
Most hospitalized patients are at risk for VTE, but VTE prophylaxis is underutilized. [2] [3] [4] [5] Table 1 lists the major risk factors for VTE, and these risk factors reflect the presence of one or more components of Virchow's triad. For example, patients undergoing major surgery experience endothelial injury and are immobilized during and after the procedure. Patients undergoing orthopedic procedures involving a hip or knee are often inactive for several days during a postoperative recovery period. Major trauma from a motor vehicle accident or gunshot results in endothelial injury; surgical repair often is required, with additional endothelial injury and immobilization during the procedure and recovery period.
Patients with malignancy, a common cause of hospitalization, are in a hypercoagulable state. Some malignancies (e.g., brain tumors; adenocarcinomas of the lung, ovary, pancreas, colon, stomach, prostate, and kidney; and hematologic malignancies) are associated with a greater risk for VTE than are others. 6 Moreover, many cancer patients require surgery, have indwelling catheters in place, and are frail and immobilized. The risk for VTE is particularly high in patients who have metastatic disease and are receiving chemotherapy.
Many patients with major medical illness (e.g., congestive heart failure, respiratory failure, myocardial infarction, sepsis) are hospitalized. Venous stasis may develop during their hospitalization.
Increasing age is an independent risk factor for VTE. 6 Hospitalized medical and surgical patients typically are more than 40 years of age, and advanced age adds to the risk for VTE associated with major medical illness and surgery.
A history of deep vein thrombosis (DVT) or pulmonary embolism (PE) often reflects the presence of a hypercoagulable state that places patients at high risk for recurrence. 6 DVT in the lower legs can damage the venous valves and slow the rate of return blood flow to the heart or can result in retrograde flow in the affected vein. Partial venous obstruction from the initial clot may persist, predisposing the patient to recurrent thrombus formation.
Various contributing risk factors for VTE (Table 1 ) may be present in hospitalized patients. 7 Inherited or acquired hypercoagulable states are among the risk factors that may be present in hospitalized patients. 6 CHF = congestive heart failure; DVT = deep vein thrombosis; MI = myocardial infarction; PE = pulmonary embolism; VTE = venous thromboembolism a This list is not inclusive. The most common, factor V Leiden, is a genetic abnormality in coagulation factor V that leads to activated protein C resistance (i.e., failure of the natural anticoagulant protein C to regulate clotting activity of factor V). An acquired hypercoagulable state commonly associated with autoimmune disorders (e.g., systemic lupus erythematosus, rheumatoid arthritis, Crohn's disease) is the presence of antiphospholipid antibodies.
Medications with estrogenic activity, including estrogen-containing oral contraceptive tablets and skin patches, estrogen-replacement therapy, and vaginal contraceptive rings that contain estrogen, as well as estrogen agonist-antagonists (i.e., selective estrogen receptor modulators), can provoke clot formation. 6 The mechanism is not entirely understood, but estrogens are believed to induce a hypercoagulable state in a dose-dependent manner. Pregnancy and the early postpartum period also are associated with an increased risk for VTE, presumably because of the high levels of estrogen present at those times.
Obesity increases the risk for VTE, possibly from circulatory stasis caused by pressure from excessive body weight on the leg veins and reduced venous return from the lower extremities. 6 The effect of obesity also could be indirect through diminished physical activity and an increased risk for medical illnesses that predispose patients to VTE (e.g., heart failure, osteoarthritis requiring joint replacement surgery).
Quality of care
Emphasis on the quality of patient care has increased over the years, and the use of practice guidelines and quality measures has moved from voluntary to mandatory. Numerous clinical studies over the past several decades have evaluated the efficacy of various nonpharmacologic and pharmacologic interventions for preventing VTE. In the mid to late 1980s, various organizations used the findings of these studies to develop evidencebased clinical practice guidelines for prophylactic therapy in patients at risk for VTE. As clinicians' acceptance of these guidelines increased, consensus standards of practice for providing patient care were developed. Organizations devoted to quality improvement began promulgating the use of quality measures to ensure that standards of practice were met and to assess hospital and physician performance and patient outcomes. Over the past four or five years, it has become mandatory to report these quality measures for comparison among practitioners and facilities and identification of those with exemplary performance. Recently, pay-for-performance requirements have been established, with quality goals and financial incentives and rewards for meeting those goals.
Perhaps the best known evidencebased clinical practice guidelines for VTE prevention are those published by the American College of Chest Physicians (ACCP) as part of a set of guidelines regarding the use of antithrombotic and thrombolytic therapy. 6 These guidelines are updated periodically and released as a supplement to the periodical Chest; the most recent (8th) edition was published in June 2008. The 2008 ACCP guideline for VTE prevention is very comprehensive-72 pages long, with 89 recommendations and 728 references. The ACCP guidelines are authoritative and provide a basis for many of the guidelines and quality improvement initiatives of other organizations.
In August 2008, the Agency for Healthcare Research and Quality (AHRQ), a governmental organization, released Preventing HospitalAcquired Venous Thromboembolism: A Guide for Effective Quality Improvement. 8 This publication relies heavily on the ACCP guidelines, but it also addresses systems of care that should be implemented in hospitals.
Other evidence-based clinical practice guidelines focus on specific patient populations at risk for VTE. For example, guidelines for VTE prevention in patients with cancer are available from the American Society of Clinical Oncology, and guidelines for women during pregnancy or the early postpartum period are available from the American College of Obstetricians and Gynecologists. 9, 10 The American Academy of Orthopaedic Surgeons (AAOS) Clinical Guideline on Pulmonary Embolism in Patients Undergoing Total Hip Or Knee Arthroplasty is available on the organization's website, but it has not been published in a peer-reviewed journal. 11 The AAOS document is controversial; it contains recommendations for the use of aspirin to prevent PE in orthopedic surgery that are not consistent with the ACCP guidelines. The ACCP guidelines recommend against the use of aspirin alone for VTE prevention in these patients. 6 Clinical practice guidelines require the interpretation of evidence. The recommendations and conclusions drawn from the evidence may differ depending on the experience and values of the individuals writing the guidelines. Discrepancies among guidelines from different sources often reflect conflicting opinions among experts.
The clinical studies that are the source of evidence-based guidelines often have stringent patient inclusion and exclusion criteria. Extrapolation of the results of clinical studies to patient populations that did not meet the inclusion criteria is inappropriate, but clinicians often must make well-reasoned inferences when data regarding the best course of action are lacking.
The processes used to develop and publish evidence-based guidelines are time-consuming, often requiring years. By the time guidelines are published, they may not reflect current data. Nevertheless, evidence-based guidelines for VTE prophylaxis are valuable tools for ensuring quality care.
AHRQ has identified and ranked 10 safety practices on the basis of the strength of evidence. 12 Appropriate VTE prophylaxis in patients at risk is ranked first on this list of the safety practices that can have the greatest impact on patient care.
National quality improvement initiatives have been developed by various organizations to drive efforts to improve the care of patients at risk for VTE. The Joint Commission and National Quality Forum outlined core performance measures that hospitals are required to report, which facilitates quality comparisons among institutions. Several of the core performance measures pertain to VTE (Table 2) . 13 The incidence of VTE during or within 30 days after a hospital stay that could have been avoided by using prophylaxis is among the data reported by hospitals.
The Surgical Care Improvement Project (SCIP) is a national initiative developed by the Centers for Medicare and Medicaid Services (CMS), Centers for Disease Control and Prevention, and various organizations, with a goal of reducing postoperative complications by 25% before 2010. 14 The initiative represents the efforts of a coalition of major public and private health groups, including the American Medical Association, American College of Surgeons, American Hospital Association, Veterans Health Administration, and Premier, Inc. 15 Participation in SCIP involves collecting and submitting quality data, sharing best practices and implementation strategies, and making system changes based on quality improvement data. Two SCIP process measures have been established for ordering and administering VTE prophylaxis, and two proposed SCIP outcome measures include reporting the incidence of DVT and PE during hospitalization or within 30 days after surgery (Table 3) . 13 In October 2008, CMS discontinued payment for certain costly, avoidable secondary diagnoses that result from hospitalization and cause serious injury or death. 16 CMS considers VTE after total hip or knee replacement surgery one of these avoidable "never events." 16 Establishing these outcomes as "never events" without reimbursement is an application of pay-for performance requirements.
Anticoagulant medications play a central role in preventing VTE, but the drugs are a common cause of adverse events because of their narrow therapeutic index, complex dosing, need for laboratory monitoring, and inappropriate medication use behaviors by patients (e.g., sporadic adherence, failure to keep follow-up appointments, dietary indiscretions). 17 Anticoagulants present a patient management challenge in hospitals, and anticoagulant therapy practices are poorly standardized. Reducing the likelihood of patient harm from the use of these drugs is a Joint Commission National Patient Safety Goal (NPSG.03.05.01). 17, 18 This NPSG was phased in gradually for full implementation by January 1, 2009, but many hospitals had difficulty meeting that deadline. 19, 20 Therefore, the Joint Commission has clarified and simplified its requirements for the NPSG. 20 Evaluating anticoagulation safety practices is a Joint Commission requirement that a ICU = intensive care unit; VTE = venous thromboembolism. Other requirements are important (e.g., the use of oral unit dose products, prefilled syringes, and premixed infusion bags; obtaining a baseline international normalized ratio prior to initiating warfarin therapy; educating prescribers, staff, patients, and family members), but continual efforts aimed at evaluating and implementing institutionwide anticoagulation safety practices will likely have the greatest impact on patient outcomes.
Closing the gap
The culture of medicine has undergone a gradual evolution over the past several decades. 21 In the mid20th century, health care typically was provided by individuals in solo practices who were autonomous and made decisions on the basis of their knowledge and experience. These individuals carried considerable responsibility and were expected to be infallible, but continuous learning was required to stay abreast of new developments in medicine.
Modern 21st-century medical care is characterized by group practices in which teamwork with input from members of various health care professions is used for problem solving and continuous quality improvement. The burden of decision-making is shared, because it is understood that no one is infallible. Modern medicine is a dynamic field, with rapid changes brought about by the introduction of new information and technologies.
An appreciation of the limitations of 20th-century medicine and the need for alternative approaches to improve the quality of care and patient outcomes in the 21st century provides impetus for identifying strategies for changing the health care culture. These strategies may include obtaining support from institutional management and establishing interprofessional teams. This approach reduces the isolation that all too often inhibits potentially valuable input for solving problems and improving clinical practices. Healthsystem pharmacists in collaboration with other members of the health care team can play an important role in creating cultural changes and improving VTE prophylaxis practices. Developing hospitalwide or unit-specific treatment algorithms or protocols, policies, and procedures for anticoagulant use is an important undertaking. Topics that may be addressed include anticoagulant selection (i.e., indications for use), dosing, duration of therapy, laboratory and clinical monitoring, adverse event management, transition care (e.g., at the time of transfer from an intensive care unit to a medical floor), and hospital discharge planning. Standardized order sets for anticoagulants should be developed.
In order to achieve measurable and meaningful improvements in quality, multiple strategies will be needed, including creating useful tools, educating practitioners, and providing performance feedback. Several studies have shown that VTE prophylaxis rates improved at institutions that developed and consistently used VTE risk assessment tools and admission order sets. These tools can be paperbased or automated through the use of informatics (e.g., electronic riskscoring systems with alert capabilities to identify high-risk patients, and computerized physician order entry programs with standardized orders and links to treatment guidelines, algorithms, and protocols). [22] [23] [24] [25] The implementation of VTE risk assessment tools and treatment algorithms, protocols, policies, and procedures requires a comprehensive educational program for health care practitioners, patients, and family members. Health care practitioners should be informed about the rationale for and the logistics of using any new tool or procedure.
Inservice education programs and electronic or print newsletters are possible methods for educating staff.
Quality metrics should be developed and data collected in order to assess institutional performance as well as provide ongoing feedback to practitioners and teams. This feedback can be used to identify weaknesses and opportunities for quality improvement.
Conclusion
Historically, implementing changes to improve the quality of care has been a slow process. Quality improvement initiatives, mandated practice and outcomes reporting, and pay-for-performance requirements for VTE prophylaxis demand the attention of health-system pharmacists. The challenges associated with fulfilling these requirements represent an opportunity for healthsystem pharmacists to collaborate with other members of the health care team to improve the use of anticoagulants and the quality of care in patients at risk for VTE. 19 4 Failure to adhere to clinical practice guidelines could lead to several undesirable situations. patients at risk for VTE are a heterogeneous group, receiving care on both an inpatient and an outpatient basis for a variety of conditions that cross many medical disciplines. preventing VTE seldom is the responsibility of any one specialist. clinicians often are not focused on risk for VTE, and assessing the risk can be perceived as complex and laborious. clinical research has been inadequate to fully define the patient populations at risk and the drugs and dosing strategies that are best used in selected situations to reduce the risk. A lack of consensus and standardization of the methods for measuring and defining outcomes in clinical trials is part of the problem. several methods (e.g., venography, Doppler ultrasonography) are currently available for detecting deep vein thrombosis (DVT). Venography, which is generally considered the gold standard, is a complex procedure. 9 Definitions and outcomes related to bleeding in clinical trials, including what constitutes minor, major, or life-threatening events will differ between trials, making it difficult to cross compare trial observations for a particular agent or agents.
The American College of Chest Physicians (ACCP) updated its evidence-based clinical practice guidelines for VTE prevention in 2008. 5 Recommendations for VTE prophylaxis are provided in these guidelines for patients undergoing various types of surgery, including vascular, gynecologic, urologic, laparoscopic, bariatric, thoracic, coronary artery bypass, neurosurgery, general, and orthopedic surgery. General surgery patients are classified on the basis of whether they are at low, moderate, or high risk for VTE or have multiple risk factors for VTE or a high risk for bleeding. 5 Bleeding is a particularly important concern after surgery, since pharmacologic interventions to prevent VTE increase the risk for oozing or bleeding at the surgical site.
Orthopedic surgeries specifically addressed by the ACCP guidelines include procedures for total hip and knee replacement, knee arthroscopy, hip fracture, and spinal cord injury. Patients undergoing total hip or knee replacement or hip fracture surgery are well studied, because the large number of Americans who undergo these procedures every year have a high risk for VTE and associated health care costs. 10 Patients with trauma, burns, or medical illness (acute medical illness, cancer, critical care) and long-distance travelers also are within the scope of the ACCP guidelines. The types of interventions outlined in the ACCP guidelines include graduated compression stockings (GCS), intermittent pneumatic compression (IPC), unfractionated heparin (UFH), low molecular weight heparin (LMWH), the indirect factor Xa inhibitor fondaparinux, and vitamin K antagonists (e.g., warfarin). Determining which patients require VTE prophylaxis involves a risk factor assessment (Table 1) , for which a risk-scoring system may be used. [11] [12] [13] [14] Such systems assign points to each VTE risk factor (usually weighted on the basis of the contribution of the factor to VTE risk), and prophylaxis is indicated for a patient if the sum of the points for all of his or her risk factors exceeds a threshold. 12, 13 The threshold reflects the level beyond which the risk is unacceptably high without pharmacologic prophylaxis. Most of these risk-scoring systems are complex to use, have not been validated, and do not take into consideration bleeding risk, although a model for predicting cancer chemotherapy-related VTE recently was validated. 13 The opt-out approach involves the automatic ordering of VTE prophylaxis unless a condition exists suggesting that prophylaxis is unnecessary or potentially harmful (Table 2) .
Requirements for VTE prophylaxis can change during the course of hospitalization and after discharge. Therefore, the need for prophylaxis should be reassessed periodically.
Initiating prophylaxis
The initiation of VTE prophylaxis is a challenge for clinicians, especially when prophylaxis is needed for surgical patients. The Surgical Care Improvement Project (SCIP) is a national quality improvement initiative developed by the Centers for Medicare and Medicaid Services Table 2 .
Criteria for Opting Out of VTE Prophylaxis at the University of California Davis Medical Center
Imminent invasive procedure Use of warfarin with INR > 1.4 or on therapeutic anticoagulation Recent intraocular or intracranial surgery Thrombocytopenia Spinal tap or epidural anesthesia anticipated within 12 hr Active bleeding Active or chronic severe liver disease Receiving comfort care Healthy, fully ambulatory, and < 40 years old History of HIT/hypersensitivity to UFH or LMWH HIT = heparin-induced thrombocytopenia; INR = international normalized ratio; LMWH = low molecular weight heparin; UFH = unfractionated heparin; VTE = venous thromboembolism (CMS) and various organizations to reduce postoperative complications. Receiving appropriate VTE prophylaxis in the period between 24 hours before the anesthesia start time and 24 hours after the anesthesia end time is a required SCIP process measure. 15 Multiple transfers, from the operating room to recovery and ultimately to the ward, can create delays in the initiation of therapy. Performance can be improved by having systems in place, such as electronic alerts about the need to administer VTE prophylaxis within this 24-hour window after surgery.
Considerations in planning or evaluating the appropriateness of VTE prophylaxis during the 24-hour period after surgery include whether heparin was used preoperatively and what therapy might have been used in the postanesthesia care unit and surgical care unit. Mechanical thromboprophylaxis (i.e., GCS or IPC) is an option for many patients at high risk for bleeding, but adherence to IPC is low. 5 The use of combination anticoagulant therapy (e.g., injectable heparin during warfarin initiation) may be a better choice than heparin alone to provide adequate postoperative VTE prophylaxis in orthopedic surgery patients, although this approach to postoperative VTE prophylaxis is not evidence based. The presence of an epidural catheter for administration of analgesics may be a consideration in the initiation of warfarin because of concerns about bleeding and spinal hematoma formation, a rare but potentially devastating complication. In some cases, a rapid rise in the international normalized ratio (INR) from initial factor VII loss may lead to INR values above 2 within 24 hours. For this reason, clinicians may prefer to wait until the epidural catheter has been removed before starting warfarin. 5 The use of peripheral nerve blocks does not seem to warrant the same level of concern.
The need for and risks associated with VTE prophylaxis in orthopedic surgery patients (i.e., the risks for bleeding and thrombosis) change over time and depend on the type of orthopedic surgery. The risk for DVT and bleeding is initially higher after knee replacement surgery than after hip replacement surgery. 5 However, the risk for pulmonary embolism (PE) is higher after hip surgery than knee surgery, possibly because of the proximity of the hip to the lungs. 
Duration of prophylaxis
The duration of VTE prophylaxis needed may depend on the period of VTE risk benefiting from prevention. This can be influenced by patient characteristics (e.g., prolonged immobility) and differs among medical patients and surgical patients and different types of surgeries. For example, older, obese patients may require additional prophylaxis after surgery. In a retrospective study of orthopedic patients with VTE despite prophylaxis, the median time to VTE diagnosis was significantly longer after total hip replacement surgery (17 days) than after total knee replacement surgery (7 days, p < 0.001). 16 A longer duration of VTE prophylaxis (six weeks) is now frequently used for patients undergoing total hip replacement surgery than for patients undergoing total knee replacement surgery (30 days). Trials involving the newer anticoagulants dabigatran and rivaroxaban have explored prophylaxis of 28-35 days and 35 days, respectively. 17 Knee and hip replacement surgeries are invasive, traumatic procedures. All three components of Virchow's triad (endothelial injury, circulatory stasis, and a hypercoagulable state) are present and promote thrombus formation in patients undergoing these surgeries. The amount of surgical blood loss has diminished with newer surgical techniques, and this may reduce any delay in starting prophylaxis and the risk for VTE.
Regardless, a high risk for VTE is associated with lower-extremity orthopedic procedures unless prophylaxis is provided. In the absence of VTE prophylaxis after knee replacement surgery, the risk for proximal DVT is 5-22% and PE is 1.5-10%. 5 After untreated hip replacement surgery, the risk for proximal DVT is 18-36% and the risk for PE is 0.9-28%. 5 Fatal PE poses the greatest concern, regardless of the reason for hospitalization. The incidence in orthopedic surgery patients appears to be low when prophylaxis is used (0.1%), although the true incidence of fatal PE is unknown because autopsies in cases of sudden death often are not performed. 18 Asymptomatic VTE confirmed by venography is much more common than fatal PE, even when prophylaxis is used. 18 Asymptomatic VTE is a concern because of the potential for long-term consequences (e.g., postthrombotic syndrome characterized by persistent edema, pain, purpura, dermatitis, pruritus, cellulitis, and ulceration).
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Warfarin
Determining the appropriate target range for INR during prophylactic warfarin therapy is a dilemma for clinicians. The target range recommended by ACCP for VTE treatment as well as prophylaxis in most situations is 2.0 to 3.0. 5, 20 This goal also is recommended by ACCP during warfarin therapy in patients with atrial fibrillation to decrease the risk of cardioembolic stroke. 21 The American Academy of Orthopaedic Surgeons (AAOS) recommends a goal INR of 2.0 or less for prevention of PE in patients undergoing total hip or knee replacement. 8 AAOS recommends warfarin therapy for two to six weeks starting the night before, or after, hip or knee replacement surgery. 8 However, the AAOS recommended range is not as well supported by evidence as are the ACCP guidelines. 8 The goal INR range used in most published studies of patients undergoing hip istration process by a diagnostic procedure), hospitalized patients do not always receive their medications at the proper times, although medication administration and dispensing cabinet records might suggest otherwise. In evaluating the absence of an INR response and adjustment of the warfarin dose, the possibility, albeit uncommon, that a patient did not receive or take his or her dose of warfarin should be considered.
Patient education can play a critical role in the success of warfarin therapy after hospital discharge. The proper timing of this education for surgical patients is important because they typically are in pain and may be unable to retain information and instructions provided during the early postoperative period. However, waiting until hospital discharge to provide patient education is inadvisable because of the high likelihood that the patient will be overwhelmed with information about other aspects of home care. In planning patient education about warfarin and other drug therapies that will be used at home, coordination with other members of the health care team, particularly nurses, is wise.
Aspirin
There is a lack of consensus among orthopedic surgeons, chest physicians, and other practitioners on the use of aspirin for VTE prophylaxis. AAOS considers aspirin alone an option for PE prophylaxis in patients undergoing total hip or knee replacement, especially patients at high risk for bleeding. 8 The dosage recommended by AAOS is 325 mg twice daily for six weeks starting the day of surgery, although 81 mg/day may be used if gastrointestinal symptoms develop. 8 By contrast, ACCP recommends against the use of aspirin alone as thromboprophylaxis for any patient group. 5 This grade 1A recommendation is a strong one based on randomized trials with consistent results. 27 In the Pulmonary Embolism Prevention (PEP) trial, a large, randomized, placebo-controlled study of patients undergoing hip or knee replacement or hip fracture surgery, aspirin 160 mg/day for 35 days starting preoperatively significantly reduced the incidence of VTE by 36%, from 2.5% with placebo to 1.6% with aspirin (p = 0.0003). 28 Both treatment groups received the study drug in combination with whatever prophylaxis was considered necessary. Interpretation of the PEP study results is complicated by the extensive use of post-hoc analysis. Surprisingly, a higher incidence of acute myocardial infarction was observed in the aspirin group than in the placebo group. Additional data are needed to resolve the controversy surrounding the use of aspirin alone for VTE prophylaxis in orthopedic surgery patients.
LMWH
The use of LMWH products for VTE prophylaxis is not always straightforward, especially for patients with certain unique needs. The LMWH usually is initiated 12-24 hours after hip or knee replacement surgery, which is consistent with recommendations from both ACCP and AAOS. 5, 8 Subsequent dosing should be provided in accordance with the manufacturer's prescribing information; the dosing interval usually is every 12-24 hours, although an interval of 24 hours may be preferred for long-term prophylaxis.
The effects of enoxaparin are increased in patients with severe renal impairment (i.e., creatinine clearance <30 mL/min, which includes chronic kidney disease [CKD] stage 4 or 5), and the risk of bleeding complications may be increased. Most of the data driving this recommendation came from patients with CKD stage 3 or 4, not dialysis-dependent CKD. Therefore, dosage reduction (e.g., decreasing the enoxaparin dose by 50% or increasing the dosing interval from 12 hours to 24 hours) is or knee replacement is 2.0 to 3.0, although lower ranges (e.g., 1.8 to 2.5, 1.5 to 3.0) have been studied. 22, 23 However, the target range of 1.5 to 2.0 has not been adequately studied. Limited data are available on the goal INR range in patients undergoing hip fracture surgery. 24 An INR greater than 1.8 with warfarin therapy might reflect sufficient anticoagulation to prevent or treat established subclinical thrombosis in patients for whom bleeding concerns are present. A model for warfarin dosing suggests that a target INR range of 1.7 to 3.3 might be acceptable for patients at risk for VTE, although this model requires validation. 25 However, according to ACCP, INR values less than the recommended range (2.0 to 3.0) may not provide adequate protection against VTE, and such values do not necessarily reduce the risk of bleeding. 5 Because of concern about spinal hematoma formation in patients with epidural catheters, warfarin initiation should be delayed for at least two hours after removal of the epidural catheter. 5 The first INR measurement should not be taken for at least 12 hours after warfarin initiation because of the lag time before any effect on the INR in more sensitive patients may occur. 26 When the first dose is given the night before or after surgery, the goal INR range usually is not reached until the third postoperative day or later. 5 Several bedside factors should be taken into consideration in providing warfarin therapy for VTE prevention. In the early postoperative period, fluid may be collected from drains implanted at the surgical site. The appearance of substantial amounts of blood in the drainage container may be a signal of transient sensitivity to warfarin or may suggest excessive bleeding and the need to watch the INR response and warfarin dose accordingly.
For various reasons (e.g., interruption of the medication admin-recommended when the creatinine clearance (CrCl) is between 20 and 30 mL/min. 20 Patients on hemodialysis and those with CKD stage 5 were excluded from clinical trials; therefore, dosing in this population remains unclear. Tinzaparin and dalteparin appear safe to use without dosage adjustment or anti-factor Xa monitoring in patients with CrCl that exceeds 20 mL/min. 30, 31 Although four to six weeks of VTE prophylaxis appears warranted after total hip and knee replacement surgery, the ACCP guidelines recommend VTE prophylaxis with LMWH for at least 10 days and extended prophylaxis for up to 35 days for patients undergoing hip or knee replacement surgery or hip fracture surgery. 5, 16 The recommended duration of LMWH in the AAOS guidelines is 7-12 days. 8 As part of the preoperative evaluation, selection of the pharmacologic agent to be used after discharge should take into consideration the costs and available options on the patient's insurance plan so that authorization can be obtained, if needed.
Dosing of LMWH products in patients with obesity has been studied because of concerns about a potentially increased risk for VTE due to inadequate prophylaxis when fixed doses of LMWH are used in this patient population. In a retrospective, multicenter study, 817 orthopedic surgery patients received fixed subcutaneous (s.c.) doses of enoxaparin 40 mg/day starting 12 hours before surgery. 32 The incidence of VTE detected with bilateral venography during postoperative days 7-10 was 18.7%. There was no relationship between body weight or body surface area and thrombosis, but there was a strong relationship between body mass index (BMI) and thrombosis (p = 0.0002). The incidence of VTE was 31.8% in patients with a BMI exceeding 32 kg/m 2 (i.e., obese patients) and 16.7% in patients with a BMI less than 32 kg/m 2 (p < 0.001).
There was no relationship between bleeding and BMI. Two s.c. enoxaparin dosing regimens were compared in a nonrandomized study of 481 patients undergoing bariatric surgery for morbid obesity. 33 The first 92 patients enrolled received 30 mg every 12 hours, and the subsequent 389 patients received 40 mg every 12 hours. Early ambulation, GCS, and IPC were used in both groups. The two groups had a similar BMI (51.7 kg/ m 2 for the first group and 50.3 kg/m 2 for the second group). The duration of the procedure decreased over time suggeting a potiential bias in favor of the 40-mg cohort. The incidence of postoperative DVT complications was significantly lower (0.6%) in the second group (the group receiving the larger enoxaparin dosage) than in the first group (5.4%, p < 0.01). One patient in each group required treatment for hemorrhage (i.e., the larger enoxaparin dose was not associated with an increased risk for bleeding). However, duration is another consideration. In a single practitioner's report of experience with 308 consecutive bariatric surgery patients, the incidence of thromboembolism was significantly higher in patients who received 3 days (4.5%) of prophylaxis than in those who received 10 days (0%) of prophylaxis. The patients' mean BMI was 47 kg/mm 2 , and the enoxaparin dose was 30 mg twice daily for the duration of hospitalization (approximately two to three days) and 40 mg once daily after discharge. 34 A subgroup analysis of the Prospective Evaluation of Dalteparin Efficacy for Prevention of VTE in Immobilized Patients (PrEVEnT) trial, which compared dalteparin 5000 units/day with placebo, demonstrated no difference in outcomes between obese (BMI 34 ± 5 kg/m 2 , n = 1118) and non-obese (BMI 25 ± 4 kg/m 2 , n = 2563) subjects. 35 Additional information is needed to determine the possible benefit of dalteparin doses greater than 5000 units/day in morbidly obese patients.
In a small analysis of VTE prophylaxis with 40 mg of enoxaparin after total hip arthroplasty or total hip replacement, injection into the thigh in patients with a BMI over 25 kg/mm 2 was associated with a loss of anti-Xa activity, compared with other sites. 36 Analysis of the results of these and other studies has led some clinicians to recommend increasing the dosages of LMWH used for VTE prophylaxis in patients with morbid obesity (i.e., a BMI of 40 kg/m 2 or higher) by 30% over dosages used for nonobese patients. 29 Clinical practice guidelines have yet to include such a recommendation.
The efficacy of LMWH for VTE prophylaxis may be diminished in critically ill patients in the intensive care unit (ICU) because of antithrombin deficiency, fluid overload, edema, or other factors. [37] [38] [39] In 89 ICU patients, therapeutic anti-factor Xa levels (0.1-0.3 IU/mL) were achieved 4 hours, 12 hours, and 24 hours after a 40-mg s.c. dose of enoxaparin in 56.5%, 39.3% and 12.6% of the patients, respectively. 38 The pharmacokinetics and pharmacodynamics of enoxaparin 30 mg s.c. every 12 hours were compared in two cohorts of critically ill patients suffering from multiple trauma with or without a 10-kg or greater increase in body weight due to peripheral edema. 37 The area under the curve (AUC) for plasma anti-factor Xa activity over the 12-hour period after a dose was highly variable in both groups. The 12-hour AUC, peak plasma antifactor Xa activity, and antithrombin activity were significantly lower in the patients with edema than in those without edema (p < 0.05).
Another study compared a group of 16 ICU patients with a group of 13 noncritically ill medical patients. 39 The AUC for anti-factor Xa activity over the 12-hour period after a 40-mg s.c. dose of enoxaparin was significantly lower in the ICU In August 2009, the Food and Drug Administration (FDA) issued a warning not to administer the initial fondaparinux dose earlier than six to eight hours after surgery because of the risk of bleeding. 44, 45 Spinal hematoma formation is a concern during the insertion of epidural catheters in patients receiving fondaparinux (or other anticoagulants), so the drug should be discontinued sufficiently in advance of the placement of an epidural catheter. 5 The anticoagulant effect of fondaparinux can persist for two to four days after the drug is discontinued.
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Heparin-induced thrombocytopenia
Heparin-induced thrombocytopenia (HIT) is a rare immunemediated adverse effect associated with LMWH and UFH therapy that clinicians need to be aware of because it increases the risk for thrombosis. 47 The risk for HIT depends on the duration of heparin exposure and the dosage used. The condition typically develops if heparin therapy is continued for a week or longer. It also may develop later if the patient is re-exposed to heparin within 100 days, especially within one month. Whether VTE in a patient discharged from the hospital receiving heparin for VTE prevention represents HIT or failure of prophylaxis (e.g., nonadherence) can be difficult to ascertain. In delayed-onset HIT, thrombocytopenia may occur up to 40 days after heparin therapy is discontinued. Given the potential for VTE to occur after discharge, the platelet count should be checked in any patient with VTE after recent surgery. If more than 100 days has elapsed since heparin therapy was administered, the risk for VTE is similar between heparin-naïve patients and those with a history of HIT.
The development of HIT requires discontinuation of heparin. Fondaparinux is one option that has been used to treat HIT, although rare cases of HIT-type reactions and thrombosis have been reported in patients receiving fondaparinux. 48 The direct thrombin inhibitors typically are the initial anticoagulants used in the setting of HIT. One treatment option that is currently available for prophylaxis in patients with a recent history of HIT might be lepirudin administered subcutaneously. 47 
49,50
The cost of using these agents is currently unknown until available.
The reported risk for HIT is highest among patients undergoing orthopedic, cardiac, and vascular surgery who receive UFH for one to two weeks. 47 When examining a consecutive series of 146 patients with sufficient suspicion of HIT for initiating a direct thrombin inhibitor at UC Davis Medical Center, HIT was not found in any orthopedic patients.
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During this period, none of the more than 900 orthopedic surgery patients who received a short course of UFH while transitioning to warfarin developed HIT. 51 The lack of HIT with the use of heparin in this population was attributed to the short-term use of UFH and transition to warfarin for a minimum of one month for prophylaxis.
Surveillance ultrasound
The use of ultrasound screening for DVT after orthopedic surgery has been suggested as a way of identifying patients for treatment. The clinical usefulness of such screening was evaluated in a study of 346 patients undergoing hip or knee replacement surgery followed by 10 days of LMWH therapy. 52 Patients were randomly assigned to receive prolonged prophylaxis with LMWH for an additional three weeks or postoperative ultrasound screening for proximal and distal thrombosis. Therapeutic anticoagulation was provided to papatients than in the noncritically ill medical patients (p = 0.008).
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Fondaparinux
The use of fondaparinux for VTE prophylaxis can be problematic in certain settings secondary to its extended duration of activity and potential for a higher level of anticoagulant effect. ACCP recommends (grade 1A) fondaparinux 2.5 mg s.c. once daily starting six to eight hours after or the next day after hip fracture surgery and other major orthopedic surgeries. 5 The dosing used for VTE prophylaxis may have a therapeutic effect on subclinical thrombosis that develops during surgery. In a metaanalysis of four studies comparing the efficacy of fondaparinux 2.5 mg s.c. once daily with s.c. enoxaparin 30 mg twice daily or 40 mg once daily for preventing VTE in patients undergoing major hip or knee surgery, the incidence of VTE confirmed by venography (i.e., asymptomatic VTE) was significantly lower with fondaparinux (6.8%) than with enoxaparin (13.7%, p < 0.001). 18 In Phase II fondaparinux dose-finding clinical trials, no significant differences in outcomes were observed with daily doses ranging from 2.5 mg to 12 mg in patients with acute coronary syndrome or 5 mg to 10 mg in patients with established VTE. 40, 41 Results in the OASIS 5 trial showed no difference between 2.5 mg of fondaparinux and 1 mg/kg twice-daily warfarin. 42 In obese and nonobese patients receiving fondaparinux for the treatment of VTE (i.e., to prevent VTE recurrence), which involves fixed 10-mg doses for patients weighing more than 100 kg , the incidence of bleeding decreased as weight increased. 43 However the efficacy of the drug in preventing VTE recurrence was not diminished by an increase in weight. These observations support the theory that prophylactic dosing of fondaparinux for prevention of VTE has a potential therapeutic antithrombotic effect.
Am J Health-Syst Pharm-Vol 67 May 15, 2010 Suppl 6 tients in whom thrombosis was detected by screening, but patients with negative screening results did not receive additional LMWH therapy after day 10. The incidence of symptomatic VTE 35 days after hip or knee replacement surgery was 4.3% with prolonged prophylaxis and 2.3% with screening, a difference that was not significant (p = 0.37). Screening did not reduce the rate of symptomatic VTE over the subsequent threemonth follow-up period.
Guidelines from ACCP recommend against the routine use of ultrasound screening for DVT before hospital discharge of asymptomatic patients after major orthopedic surgery (grade 1A) because ultrasound screening is unreliable. 5 Moreover, positive ultrasound test results could affect institutional performance reports on Joint Commission and National Quality Forum core performance measures and SCIP outcome measures. Further, they could reduce reimbursement from CMS (the agency considers VTE after total hip or knee replacement surgery an avoidable "never event").
Team approach
In providing VTE prophylaxis, the risk for thrombosis must be weighed against the risk for bleeding from prophylactic interventions. The risk for thrombosis usually is a concern for internists, whose primary goal is ensuring that adequate prophylaxis is given for the proper duration on the basis of risk factor assessment. The risk for bleeding usually is a concern for surgeons primarily in the early postoperative period, and the timing of pharmacotherapy to avoid bleeding during this period is a challenge.
Health-system pharmacists should collaborate with other members of the health care team in preventing VTE, especially for patients with unique needs (e.g., patients with severe renal impairment, morbid obesity, epidural catheters, or HIT and critically ill patients). Managing laboratory values alone has limitations and is insufficient; input is needed from clinicians who can make patient assessments at the bedside.
Conclusion
Clinicians 
Purpose.
To discuss the advantages and disadvantages of currently available anticoagulants, describe the characteristics of the ideal anticoagulant, and compare and contrast the mechanisms of action, pharmacokinetics, administration, efficacy, safety, and potential for drug interactions of currently available and emerging anticoagulants for prevention of venous thromboembolism (VTE). Summary. Despite the proven efficacy of currently available agents for VTE prevention, several shortcomings exist that may prevent their use under various circumstances. These include administration by injection, narrow therapeutic index, unpredictable pharmacokinetics and pharmacodynamics, need for laboratory monitoring, risk for bleeding, and drug interactions. The ideal anticoagulant would overcome many of these issues; in particular, it would be available as an oral formulation. Dabigatran, an oral direct thrombin (factor IIa) inhibitor, and apixaban and rivaroxaban, oral direct factor Xa inhibitors, represent new agents for anticoagulation that may address many of these issues. While not available as an oral agent, desirudin is an additional option and offers increased flexibility when a non-heparin-based injectable anticoagulant is desired. Current literature indicates that these agents generally do not require laboratory monitoring and are safe and effective for VTE prevention in clinical studies of patients undergoing major orthopedic surgery. Conclusion. The development of new anticoagulants that may overcome limitations of existing agents represents an opportunity to further improve outcomes in patients at risk for VTE in orthopedic surgery.
Index terms: Anticoagulants; Apixaban; Dabigatran; Desirudin; Dosage; Drug administration; Drug interactions; Hemorrhage; Mechanism of action; Pharmacokinetics; Rivaroxaban; Surgery; Toxicity; Venous thromboembolism Am J Health-Syst Pharm. 2010; 67(Suppl 6):S17-25 V enous thromboembolism (VTE), especially as a hospital-acquired condition, should be of concern to all health care practitioners. VTE incurs significant morbidity and mortality for individual patients, as well as significant overall costs to the health care system. In addition, pulmonary embolism (PE) is the number one preventable cause of death for hospitalized patients. As we consider how to meet quality measures for the prevention and treatment of VTE, we need to be cognizant of advances in VTE prevention strategies that may help overcome shortcomings of the currently available pharmacologic and mechanical options for prophylaxis.
It is of course appropriate for pharmacists to focus on advances in anticoagulant therapy, but it is also important to be aware of changes in medical practice that may affect the overall risk of VTE. For example, operative techniques for orthopedic procedures have changed substantially, and the changes most likely affect overall VTE risk. Another example is the lower overall risk of VTE with epidural anesthesia versus general anesthesia. 1 These factors typically enter into the operating physician's choice of VTE prevention strategy. Much has been made in the literature of differences be-tween the American Academy of Orthopaedic Surgeons 2 (AAOS) and American College of Chest Physicians 3 (ACCP) recommendations for prevention of thromboembolic disorders in major orthopedic procedures. Although it is appropriate to question the methodological soundness of the AAOS guidelines, it is also appropriate to recognize the importance of incorporating the perspective of the operating physician into decisions about VTE prevention for individual patients and the development of a standard approach at a health care institution. Orthopedic surgeons are now focusing more on VTE prevention than they have in the past, in part because of the need for accountability to accreditation and governmental groups for VTE as an outcome in their patients. New anticoagulant options for VTE prevention will need to take into consideration the priorities of all parties caring for patients at risk for VTE.
Evolution of anticoagulants
Many advances have been made in anticoagulant therapy since the 1930s and 1940s when unfractionated heparin (UFH) and the vitamin K antagonist warfarin were the primary options for treating patients. 4 Most of these advances have resulted from efforts to overcome the shortcomings of UFH and warfarin and focus on more specific targets in the coagulation cascade to improve safety, efficacy, and convenience. The shortcomings of these older agents include a narrow therapeutic index, unpredictable pharmacokinetics and pharmacodynamics (i.e., dose-response relationship), need for laboratory monitoring, and risk for bleeding. Warfarin, which is administered orally, provides some advantages over injectable anticoagulants. However, warfarin exhibits complex pharmacokinetics and pharmacodynamics and interacts with many medications and foods. These issues, along with patient nonadherence, make the drug less than ideal in many circumstances.
Low molecular weight heparin (LMWH) products were introduced in the 1980s, and direct thrombin inhibitors (DTIs; e.g., argatroban, lepirudin, bivalirudin) and the pentasaccharide fondaparinux became available in the 1990s. These drugs overcame many of the disadvantages of UFH and may be the preferred agents in many clinical circumstances. However, they still require intravenous (i.v.) or subcutaneous (s.c.) administration, are more costly than UFH, and, depending on the specific agent, may be contraindicated or difficult to use in patients with hepatic or renal dysfunction. New anticoagulants under development may provide advantages over the current injectable agents and warfarin. Desirudin, an injectable DTI, has been approved for VTE prevention in orthopedic surgery since 2003. Compared with other DTIs, desirudin will likely be available in a dosage form that is more amenable with VTE prevention. New oral agents have the potential to be used in a variety of settings and may eventually take the place of warfarin in prophylactic and therapeutic regimens for many patients.
Despite advances over the years, most currently available anticoagulants affect multiple components of the coagulation cascade (Figure 1) . UFH, LMWHs, and fondaparinux all inhibit coagulation proteins by binding to antithrombin and accelerating its ability to inactivate clotting factors. The clotting factors affected include factor Xa and factor IIa (thrombin), although the extent of inhibition of each varies depending on the agent being used. 5, 6 Warfarin and other vitamin K antagonists also affect multiple coagulation proteins and disrupt the production of functional vitamin K-dependent clotting factors II, VII, IX, and X as well as the anticoagulant proteins C and S. 7 Argatroban, lepirudin, and bivalirudin are DTIs that do not bind antithrombin. 6 The development of for dabigatran was not submitted to FDA in 2009 as had been expected. An FDA advisory committee recommended approval of rivaroxaban in March 2009. 20 However, in May 2009 additional information was requested by FDA, although no new clinical or nonclinical studies were requested. 21 Pharmacokinetic and pharmacodynamic characteristics of emerging anticoagulants are listed in Table 1 . Desirudin has a short half-life of only 2 hours, similar to other commercially available DTIs. Although desirudin is eliminated primarily by the kidney, its short half-life and ability to be monitored by activated partial thromboplastin time (aPTT) make it a potential option for patients who have various levels of renal insufficiency. The current labeling provides specific dosing recommendations for various levels of renal function. In addition, routine aPTT monitoring would allow patients who are accumulating unsafe drug levels to be identified and dosing to be adjusted. new agents has led to the identification of compounds that directly target and inhibit specific coagulation proteins.
The currently available anticoagulants have many limitations. The need for s.c. administration of LMWH and fondaparinux and i.v. administration of DTIs is a disadvantage for patients requiring extended VTE prophylaxis in the outpatient setting (e.g., patients recovering from hip replacement surgery). The need for enoxaparin dosing adjustment in patients with severe renal impairment (creatinine clearance <30 mL/min), the lack of data for dosing dalteparin in patients with severe renal impairment, and the risk of heparin-induced thrombocytopenia can limit the use of LMWH. 8, 9 Fondaparinux is contraindicated in patients with severe renal impairment. 10 The available DTIs should be used cautiously in patients with organ dysfunction (renal impairment for lepirudin and bivalirudin, and hepatic impairment for argatroban), and data on their use in VTE prevention are limited.
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Emerging anticoagulants
A large number of oral and injectable anticoagulants that target factor Xa, factor IIa, or other components of the coagulation cascade are in development and have potential applications in VTE prevention, treatment, or both (Figure 2 ). 14, 15 Desirudin is an injectable DTI typically administered via the s.c. route. The drug was approved by the Food and Drug Administration (FDA) in 2003 for prevention of VTE in major orthopedic procedures and became commercially available in 2010. Desirudin provides an option when an injectable DTI is preferable for the prevention and possibly treatment of thromboembolic diseases.
Altering the molecular structure of warfarin to address some of its shortcomings has been investigated.
A new oral vitamin K antagonist, tecarfarin, is currently in development. 16 Tecarfarin is not metabolized by cytochrome P-450 enzymes, so its use circumvents many of the concerns about drug interactions associated with warfarin. A recent study demonstrated that a higher level of international normalized ratio (INR) control may be achievable with tecarfarin than with warfarin in patients with atrial fibrillation.
The agents that have received the most attention recently and are the most likely to come to market in the near future include the oral direct thrombin (factor IIa) inhibitor dabigatran and two oral direct factor Xa inhibitors, apixaban and rivaroxaban (Table 1) . [17] [18] [19] Dabigatran and rivaroxaban have been available in Europe and Canada since 2008 for use in the prevention of deep vein thrombosis (DVT) and PE in major orthopedic procedures. Rivaroxaban is the only agent among the three for which a new drug application has been submitted to FDA. An application This agent would be an option for patients requiring non-heparin anticoagulant therapies, as an alternative to the synthetic pentasaccharide fondaparinux. The times to peak plasma concentration and half-lives of the three emerging oral anticoagulants dabigatran, rivaroxaban, and apixaban are similar. Their half-lives facilitate administration once or twice daily. The bioavailability of dabigatran is low, requiring the administration of large doses to achieve therapeutic concentrations. In addition, dabigatran is administered as a prodrug, dabigatran etexilate, that requires an acidic environment for absorption. 18 Therefore, clinically relevant interactions with proton pump inhibitors and other acid-suppressing therapies are likely for dabigatran. 19 However, the risk for drug interactions with dabigatran is low compared with the other emerging agents because cytochrome P-450 enzymes are not involved in metabolism of the drug. 22 Since dabigatran is eliminated primarily by the kidneys, dosage reduction may be required for patients with renal impairment. 22 Drug accumulation is a concern because of the potential for bleeding, and further research is needed to fully characterize how the drug may be used safely in patients with various levels of renal impairment.
In contrast to dabigatran, the bioavailability of apixaban and rivaroxaban is greater than 50% and 80%, respectively. 17, 18, 23 Renal elimination is higher for rivaroxaban (66%) than for apixaban (25%), but the 66% for rivaroxaban includes an inactive metabolite. Approximately 30% of the parent drug is cleared by the kidneys in patients taking rivaroxaban. 6 Nevertheless, renal impairment may be a consideration in the dosing of rivaroxaban. Apixaban is less likely than rivaroxaban to accumulate in patients with renal impairment. Although use in patients with renal impairment may be of less concern with apixaban and rivaroxaban, both agents are metabolized by cytochrome P-450 3A4. 18 These drugs can interact with potent inhibitors of both CYP3A4 and P-glycoprotein, and their use will likely require a level of vigilance for potential drug interactions similar to that for warfarin.
Dabigatran efficacy and safety. The efficacy and safety of dabigatran for VTE prevention was explored in three key clinical trials involving patients undergoing major orthopedic surgery. [24] [25] [26] Dabigatran was compared with s.c. enoxaparin in three randomized double-blind studies, two of which looked at VTE prevention in patients undergoing total knee replacement surgery (known as RE-MOBILIZE and RE-MODEL), while the third study, known as RE-NOVATE, was conducted in patients undergoing total hip replacement surgery (Table 2) . [24] [25] [26] The same primary efficacy outcome (total VTE events and all-cause mortality) was used in all three studies, but the bleeding definitions used in the safety analysis varied somewhat. The same two dabigatran dosages (150 mg or 220 mg twice daily) were used in all three studies, although a half dose was used as the initial dose in RE-NOVATE. The timing of the first dose was 1-4 hours after surgery in two studies (RE-MODEL and RE-NOVATE) and 6-12 hours after surgery in the other study. The duration of therapy was shorter in the RE-MODEL and RE-MOBILIZE studies of knee replacement patients than in RE-NOVATE (i.e., hip replacement patients), but this difference is appropriate given the current guideline-based recommendations for duration of VTE prophylaxis in these two patient populations. The enoxaparin dosing regimen commonly used in North America (30 mg twice daily) was used in RE-MOBILIZE, but the less intense regimen preferred in Europe (40 mg once daily) was used in the other two studies. These differences in dosing are important to consider because they may have affected the study results and may have different implications for clinical practice in different regions of the world.
In RE-NOVATE (i.e., total hip replacement surgery patients receiving the European enoxaparin dosing regimen), the primary efficacy outcome (i.e., composite of total VTE events and all cause mortality) had occurred after 28-35 days in 53 (6.0%) of 880 patients in the dabigatran 220 mg/day group, 75 (8.6%) of 874 patients in the dabigatran 150 mg/day group, and 60 (6.7%) of 897 patients in the enoxaparin group. Both dabigatran doses were judged non-inferior to enoxaparin. 26 There were no significant differences in the incidence of major bleeding between enoxaparin (1.6%) and either dose of dabigatran (2.0%, p = 0.44 for 220 mg/day; 1.3% p = 0.60 for 150 mg/day). Similarly, the rates of clinically relevant non-major and minor bleeding did not differ between enoxaparin and either dose of dabigatran.
Despite these positive results in evaluating the potential benefit of dabigatran in VTE prevention, it is most instructive to look at the two studies involving knee replacement patients (Table 2 ). In RE-MODEL, both the 150 mg and 220 mg once daily dose of dabigitran met the noninferiority criteria with enoxaparin 40 mg once daily. In RE-MOBILIZE (i.e., total knee replacement surgery patients receiving the North American enoxaparin dosing regimen), dabigatran was judged inferior to enoxaparin (i.e., non-inferiority criteria were not met). 24 The incidence of the primary outcome after 12-15 days of treatment was 31% with dabigatran 220 mg/day (p = 0.02 versus enoxaparin), 34% with dabigatran 110 mg/day (p < 0.001 versus enoxaparin), and 25% with enoxaparin. Potential explanations for the lack of positive findings for dabigatran include the use of a more intense enoxaparin dosing regimen compared with that used in RE-NOVATE as well as a lower initial dose of dabigatran. The rates of major bleeding and clinically relevant non-major bleeding were similar with both dabigatran doses and enoxaparin (rates of minor bleeding were not reported). Thus, on the basis of the current results, dabigatran appears to be a potentially useful option for VTE prevention but may be less effective than more aggressive regimens of the LMWH enoxaparin.
Despite the varied results in VTE prevention, the dabigatran clinical trial program is a promising one and includes other studies of the drug for use in VTE treatment, for thrombosis prevention in patients with atrial fibrillation, and in conjunction with antiplatelet therapy for the treatment acute coronary syndrome (ACS). 27, 28 In patients with atrial fibrillation, dabigatran 150 mg twice daily was associated with lower rates of stroke and systemic embolism and similar rates of major hemorrhage compared with warfarin. 28 In addition, in patients with acute VTE, dabigatran 150 mg twice daily was as effective as warfarin in preventing VTE recurrence, with a similar incidence of bleeding.
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Apixaban efficacy and safety. The efficacy and safety of apixaban 2.5 mg twice daily and enoxaparin for VTE prevention in patients undergoing major orthopedic surgery were compared in three randomized, double-blind studies known as All dabigatran doses were administered orally as dabigatran etexilate. All enoxaparin doses were administered subcutaneously.
b VTE = venous thromboembolism. c In RE-NOVATE, the first dabigatran dose was a half dose. ADVANCE-1, 2, and 3. 29, 30 Results have been reported only for ADVANCE-1 and ADVANCE-2. Similar to dabigatran, the apixaban clinical trial program also includes studies of use of the drug for VTE treatment, stroke prevention in patients with atrial fibrillation, and treatment of ACS in conjunction with antiplatelet therapy.
ADVANCE-1 involved 3195 patients undergoing total knee replacement and compared apixaban with enoxaparin 30 mg s.c. twice daily beginning 12-24 hours after surgery and continued for 10-14 days. 29 The primary efficacy outcome was total VTE events, and the criteria for noninferiority included an upper limit of the 95% confidence interval of 1.25). After 10-14 days of treatment, the primary efficacy outcome occurred in 9.0% of apixaban-treated patients and 8.8% of enoxaparintreated patients (p = 0.06, relative risk, 1.02; 95% confidence interval, 0.78 to 1.32). Since the upper boundary of the 95% confidence interval exceeded 1.25, apixaban did not meet the criteria for non-inferiority to enoxaparin. Although the trial did enroll a sufficient number of patients based on the prespecified power analysis, the overall event rate was much lower than anticipated and likely influenced the statistical analysis. The incidence of major bleeding and clinically relevant non-major bleeding was significantly lower with apixaban (2.9%) than with enoxaparin (4.3%, p = 0.03).
ADVANCE-2 involved 3057 patients undergoing total knee replacement, and the comparison was made between apixaban and enoxaparin 40 mg s.c. once daily beginning 12 hours before surgery. 30 After 12 days, the incidence of total VTE events was significantly lower with apixaban (15.1%) than enoxaparin (24.4%, p < 0.001). There was no significant difference between apixaban and enoxaparin in the incidence of major bleeding and clinically relevant nonmajor bleeding (3.5% versus 4.8%, respectively, p = 0.09).
As with dabigatran, the results of apixaban clinical trials in patients undergoing major orthopedic surgery depended on the enoxaparin dosing regimen used. Although underlying issues with statistical power and methodology were likely in play, the results were less favorable with the more aggressive regimen of enoxaparin 30 mg twice daily than with the 40 mg once-daily regimen. Additional studies comparing the efficacy of apixaban with the North American enoxaparin regimen are needed.
Rivaroxaban efficacy and safety. The efficacy and safety of rivaroxaban for preventing VTE in patients undergoing major orthopedic surgery have been evaluated in four randomized, double-blind clinical trials. [31] [32] [33] [34] The rivaroxaban clinical trial program also includes studies of the drug for VTE treatment, VTE prevention in medically ill patients, thrombosis prevention in patients with atrial fibrillation, and treatment of ACS in conjunction with antiplatelet therapy. Results of the Einstein-Extension Study of extended rivaroxaban therapy for 6-12 months in patients with established VTE were recently reported. 35 The drug was effective for preventing VTE recurrence, with a low risk for major bleeding.
Two of the rivaroxaban studies in patients undergoing major orthopedic surgery involved total hip replacement surgery, and the other two studies involved knee replacement surgery (Table 3) . [31] [32] [33] [34] The same rivaroxaban dosage (10 mg once daily) and primary endpoint (total VTE or death) were used in all four studies, but the duration of therapy and enoxaparin dosage varied. In the studies of total hip replacement (known as RECORD 1 and RECORD 2), the European enoxaparin dosing regimen was used, but a longer and more appropriate duration of enoxaparin therapy was used in RECORD 1 (35 days) than in RECORD 2 (14 days). 31, 32 Rivaroxaban was judged superior to enoxaparin in RECORD 1 because the incidence of the primary outcome after 35 days of treatment was significantly lower in the rivaroxaban group (1.1%) than in the enoxaparin group (3.7%, p < 0.001). 31 There was no significant difference between rivaroxaban and enoxaparin in the incidence of major bleeding (0.3% versus 0.1%, respectively, p = 0.18). The results of RECORD 2 are consistent with these findings.
Rivaroxaban was judged superior to enoxaparin in the two clinical studies of patients undergoing knee replacement surgery. 33, 34 The results of RECORD 4 provide greater insight for American clinicians than the results of RECORD 3 because the North American enoxaparin dosing regimen was used in RECORD 4 and the European enoxaparin regimen was used in RECORD 3. In RECORD 4, the primary efficacy outcome occurred in significantly fewer rivaroxaban-treated patients (6.9%) than enoxaparin-treated patients (10.1%, p = 0.0118) after 14 days of treatment. 34 There was no significant difference between rivaroxaban and enoxaparin in the incidence of major bleeding (0.7% versus 0.3%, respectively, p = 0.1096). Similarly, no significant difference between treatments in major bleeding rates was observed in RECORD 3 (p = 0.93).
Desirudin efficacy and safety. The efficacy and safety of desirudin for preventing VTE in patients undergoing hip replacement surgery has been established for over a decade. Two randomized, multicenter, placebo-controlled trials compared desirudin at a dose of 15 mg s.c. twice daily with either UFH 5000 units three times daily 36 or enoxaparin 40 mg s.c. once daily. 37 In the latter, desirudin was given 30 minutes prior to surgery after the induction of regional anesthesia if used, while enoxaparin was initiated the evening before surgery. Both regimens were continued for 8-12 days (mean, 9.7 days). The primary endpoint of major thromboembolic events included proximal DVT, fatal or nonfatal PE, or unexplained death. Of the 2079 total patients enrolled, 1587 were included in the final analysis, which showed desirudin to be superior to enoxaparin at preventing the primary endpoint (4.5% versus 7.5%, p = 0.01). There were no differences between the two groups with respect to rates of blood loss, serious bleeding, wound hematoma, or infection.
The ideal anticoagulant
Given the recent focus on new anticoagulant agents for VTE prevention and for other patient populations, it is useful to consider what characteristics an ideal anticoagulant might have and then to evaluate these new options against the ideal agent. The ideal anticoagulant for VTE prevention would have a wide therapeutic index and predictable pharmacokinetics (i.e., little variability among patients and within an individual) and pharmacodynamics (i.e., dose-response relationship), with no need for laboratory monitoring. 23 The drug should be available for both i.v. and oral administration and have a rapid onset of action, even after oral administration. The ideal agent would be able to be initiated in the hospital and continued on an outpatient basis to circumvent the bridge therapy that is sometimes needed in the transition from injectable anticoagulants to warfarin for VTE prevention. Action that is rapidly reversible with or without an antidote is desired. The ideal anticoagulant would be safe, even when used on a long-term basis. It should not have clinically important adverse effects or interact with common foods or other drugs. An agent that does not accumulate or require dosage adjustment in patients with renal or hepatic impairment is preferred. A reasonable cost also is desired.
While desirudin does not fit many of these criteria, it does represent an important addition to the available options for VTE prevention. It offers an additional option for patients in need of a non-heparin based regimen. Its short half-life and monitoring by aPTT make it an attractive option for acutely ill patients. According to the current prescribing information, with desirudin the aPTT should not exceed two times the control value. Dosing recommendations for patients with various levels of renal insufficiency are available. In patients with a creatinine clearance of 30-60 mL/min, the recommended dose is 5 mg s.c. every 12 hours. In patients with a creatinine clearance of <30 mL/min, the recommended dose is 1.7 mg s.c. every 12 hours. In each instance, the aPTT can be used to monitor for drug accumulation and excessive anticoagulant effect. Issues that require further investigation include use of the agent in knee replacement patients, its appropriate use during epidural anesthesia, and the optimal duration of therapy. In the clinical trials discussed here, desirudin was given for an average of 10 days. However, current guidelines recommend 28-35 days of therapy as the standard of care in hip replacement patients. Additional studies are needed to characterize the feasibility and cost-effectiveness of desirudin for the recommended duration of therapy.
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The emerging oral anticoagulants dabigatran, apixaban, and rivaroxaban have many but not all of the characteristics of the ideal anticoagulant. They offer the option of oral administration and elicit a consistent dose response, in contrast to warfarin. They appear safe and effective for VTE prevention in patients undergoing major orthopedic surgery, although data from additional comparative studies using the twice-daily enoxaparin regimen for a sufficient duration are needed, especially for apixaban and dabigatran. Laboratory monitoring is likely not required during therapy with these drugs, provided that they are used in a manner consistent with available clinical trials. However, many patients will likely fall outside the strict inclusion and exclusion criteria of clinical trials, and the potential to monitor anticoagulant response will be of high value. Both dabigatran and rivaroxaban can be assessed with common tests such as the aPTT and the prothrombin time/INR. 39, 40 However, the correlation between prolongation of these coagulation assay results and the efficacy and safety of these agents is as yet unclear, and more work will be required before these agents can be monitored with existing coagulation tests. Drug interactions mediated by cytochrome P-450 enzymes are not an issue with dabigatran, but renal impairment is of concern. Patients with significant renal insufficiency were excluded from clinical studies, and the drug will likely need to be avoided in this patient population. In addition, although baseline renal function may be sufficient to warrant use of dabigatran in a given patient, rapid changes and fluctuations in renal function for any reason will place the patient at risk for drug accumulation and toxicity. Drug interactions are among the major challenges with warfarin administration. Although the potential for drug interactions is of less concern with apixaban and rivaroxaban, it is by no means nonexistent. Both agents are metabolized through cytochrome P450 3A4, and routine monitoring for potential drug interactions will be needed to ensure that these agents are used safely and effectively.
The actions of dabigatran, apixaban, and rivaroxaban are not readily reversible. The drugs are not likely to be removed by dialysis, their halflives are not short, and no antidotes are available; therefore, these drugs are not likely to be options in patients in whom reversibility is paramount. 18 The management of bleeding in patients receiving these drugs may be a problem and requires further investigation.
The costs of dabigatran, apixaban, desirudin, and rivaroxaban remain to be determined. However, any analysis of cost should include the potential cost savings associated with avoiding the need for laboratory monitoring and reducing readmissions for postoperative VTE. These considerations, as well as any changes in costs associated with adverse effects, should be taken into consideration along with drug acquisition cost in evaluating the cost of using these drugs for VTE prevention.
Conclusion
Several new options for the pharmacologic prevention of VTE in major orthopedic surgery have recently become available or soon will be available. The new anticoagulants have many of the characteristics of the ideal anticoagulant, although significant safety and efficacy considerations will need to be addressed for each agent. These agents have the potential to overcome many of the shortcomings of currently available anticoagulants and to improve outcomes in patients at risk for VTE. Mr. Vegas is at high risk for VTE after bariatric surgery because of his history of DVT and obesity. 1 The American College of Chest Physicians (ACCP) guidelines recommend routine thromboprophylaxis with low molecular weight heparin (LMWH), low-dose unfractionated heparin (UFH) three times daily, fondaparinux, or a combination of one of these pharmacologic methods with optimally used intermittent pneumatic compression for patients undergoing inpatient bariatric surgery. 1 Larger-than-usual doses of UFH and LMWH, with weight-based dosing of LMWH, are recommended by ACCP for these patients. 2 However, the ACCP guidelines do not provide detailed guidance for choosing among and dosing these anticoagulants in obese patients like Mr. Vegas who undergo bariatric surgery. Mr. Vegas has a body mass index (BMI) of 58 kg/m 2 , making him morbidly obese (a BMI >40 kg/m 2 often is used to define morbid obesity). What anticoagulant therapy would you use to prevent VTE after bariatric surgery in Mr. Vegas? Dr. Dager: It would be important to ascertain whether Mr. Vegas's DVT in 2006 was idiopathic or provoked as the result of a precipitating factor, such as a long airplane flight or a surgical procedure. Nevertheless, Mr. Vegas is at higher risk for VTE than other patients undergoing bariatric surgery because of his obesity and history of DVT. My biggest concern is the increased risk for pulmonary embolism because of his obesity.
An effort to improve the diet and lose weight prior to bariatric surgery usually is recommended for patients like Mr. Vegas. Enoxaparin 40 mg subcutaneously (s.c.) every 12 hours has been used successfully to prevent VTE in patients undergoing bariatric surgery for morbid obesity. 3 We perform a lot of bariatric surgery at the University of California (UC) Davis Medical Center. As improved surgical techniques have led to shorter lengths of stay and shorter durations of VTE prophylaxis, we subsequently observed an increase in the incidence of VTE. Therefore, we extended our dosing of enoxaparin to 40 mg s.c. every 12 hours starting preoperatively, and prophylaxis is continued for at least seven days after bariatric surgery. To date, we have not observed any VTE complications, which is consistent with a report in which bariatric surgery patients who received 3 days of prophylaxis had a higher incidence of VTE compared with patients who received enoxaparin 30 mg s.c. every 12 hours for 10 days. 4 Fondaparinux 2.5 mg s.c. once daily is recommended by ACCP for VTE prevention in nonobese patients undergoing orthopedic or other major surgery, and the drug may have a therapeutic effect on subclinical thrombosis that develops during or after surgery. 1 However, the appropriate dose to use for obese patients undergoing bariatric surgery is unclear. Weight-based dosing is used for VTE treatment, with fixed daily 10-mg doses for patients weighing more than 100 kg. A daily 5-mg dose might be considered for VTE prophylaxis in Mr. Vegas, although there is no evidence to support its use. This dose may be larger than is required.
An aggressive unfractionated heparin (UFH) regimen of 7500 units s.c. every eight hours might be considered for Mr. Vegas, although evidence to support this regimen also is lacking. When making the transition to warfarin therapy, a factor to consider in choosing a warfarin dose is the likelihood that Mr. Vegas may respond differently than he did three years ago. Therefore, use of the same dose of warfarin that he received in 2006 may not be optimal.
Dr. Trujillo: I concur with Dr. Dager. I would use enoxaparin 40 mg s.c. every 12 hours because of the available evidence of its safety and efficacy for VTE prevention after bariatric surgery in the morbidly obese patient population. 3 Whether an aggressive UFH dosing regimen is reasonable for Mr. Vegas is unclear. At the University of Colorado Hospital, we often have difficulty determining the proper dosage of UFH to use for VTE prophylaxis in medically ill patients who are obese. We typically use a dosage based on weight extrapolated from the Thromboembolism-Prevention in Cardiac or Respiratory Disease With Enoxaparin (PRINCE) trial. 5 In the PRINCE trial, a fixed UFH dosage of 5000 units s.c. every eight hours was used in medically ill patients, and approximately one third of the patients were overweight. We have no evidence to support our approach to UFH dosing in medically ill patients who are obese, however.
I might dose warfarin empirically, titrating to an international normalized ratio (INR) of 2.0 to 3.0 as recommended by ACCP, rather than using the 2006 dose. 1 This approach eliminates body weight as a consideration in dosing.
Dr. Haines: Would you consider using the activated partial thromboplastin time (aPTT) to guide UFH dosing (e.g., a target aPTT of 40 seconds)? There is no evidence to support this approach, but using aPTT to guide therapy would at least demonstrate that an anticoagulant effect has been achieved.
Dr. Dager: At UC Davis Medical Center, we might use aPTT values to guide UFH dosing for VTE prophylaxis in patients with advanced age (e.g., 80 years or older) or a low body weight (e.g., <50 kg). We would check the aPTT periodically to ensure that anticoagulation is not excessive in these patients.
We have noticed that patients with multiple acute traumas often are antithrombin deficient during the first few days after hospital admission, which we have linked to increased incidence of VTE and mortality in critically ill trauma patients. 6 We use UFH infusions with a target aPTT of 35-45 seconds in trauma patients. We have observed low DVT rates with this approach, although it is not supported by clinical trial data.
In young pediatric patients, you might consider the possibility of the presence of a hypercoagulable state due a hereditary deficiency in endogenous anticoagulants. 1 This possibility might need to be taken into consideration in making decisions about anticoagulant use or dosing Dr. Haines: I commonly see injectable anticoagulants discontinued when the INR exceeds 1.5 during concomitant warfarin therapy for VTE prophylaxis, an approach that is not consistent with evidence-based clinical practice guidelines. Studies comparing the use of various INRs for this transition have not been conducted. I'm not sure how comfortable we should be with the use of lower INRs.
Dr. Dager: I question the adequacy of using the lower INR target ranges (e.g., 1.5 to 2.0) for the transition to warfarin alone, as done by some clinicians, although 1.5 to 3.0 was evaluated in one comparative study of patients undergoing hip or knee replacement. 10 Of the other 14 comparative clinical trials in knee or hip surgery, the lowest INR target was 1.8 and the highest was 3.0. I think a compromise approach, with a target INR of at least 1.8 and a maximum of 3.0, could be considered.
Management challenge 1
Dr. Haines: The pharmacy and therapeutics (P&T) committee at Virginia City Hospital is evaluating several new anticoagulantsapixaban, dabigatran, idraparinux, and rivaroxaban-for addition to the formulary. What considerations should enter into the deliberations and formulary decisions?
Dr. Trujillo: The safety, effectiveness, ease of use, and cost of the new agents compared with older agents already on the formulary are primary concerns. Cost analyses should take into consideration the costs of managing adverse effects, particularly bleeding and thromboembolic events.
An oral route of administration and infrequent dosing are associated with ease of use. Idrabiotaparinux is a biotinylated form of the indirect factor Xa inhibitor idraparinux with a long half-life that permits weekly administration. 11 It is given by s.c. injection. The oral direct thrombin inhibitor dabigatran and the direct factor Xa inhibitors apixaban and rivaroxaban are administered orally once or twice daily. These oral agents have a rapid onset of action, which circumvents the need for bridge therapy while waiting for a therapeutic INR to be achieved before discontinuing injectable anticoagulation when warfarin is initiated for VTE treatment.
Greater ease of use may be an advantage of newer anticoagulants over older agents. Their availability may promote practitioner adherence to VTE prophylaxis guidelines, increase patient adherence to therapy, and ultimately lead to improved effectiveness and outcomes. The weight given to each consideration will vary among health systems, depending on their institutional priorities and culture. Performance and outcomes reporting and payfor-performance requirements pertaining to anticoagulant use for VTE prevention may influence formulary decisions involving new anticoagulants at Virginia City Hospital and other institutions.
Management challenge 2
Dr. Haines: Dr. Henderson, a cardiologist at Virginia City Hospital, has requested the addition of dabigatran to the formulary for stroke prevention in patients with atrial fibrillation. The drug has been associated with lower rates of stroke and systemic embolism and similar rates of major hemorrhage compared with warfarin in this patient population. 12 Dr. Reno, an orthopedic surgeon at the same institution, has requested the addition of apixaban to the formulary for VTE prevention on the basis of limited safety and efficacy data in patients undergoing major orthopedic surgery. 13, 14 What formulary additions should be made at this institution at this time? The acquisition costs of the drugs probably will be high. Should use of the new agents be restricted to cases of therapeutic failure of less expensive agents?
Dr. Trujillo: Decisions about adding new anticoagulants to the formulary depend on formulary openness, P&T committee dynamics, and institutional characteristics and needs. The introduction of new anticoagulants will pose a dilemma to P&T committees. I would not restrict the use of new anticoagulants to cases of therapeutic failure of established agents, but I would restrict the prescribing to specific physician groups and indications to avoid widespread use in patient populations in which the drug may not yet have been found safe and effective.
Dabigatran might be added to the formulary for both stroke prevention in patients with atrial fibrillation and VTE prevention in patients undergoing major orthopedic surgery. Safety and efficacy data are available for use of the drug in this surgical population, although the efficacy data are mixed. [15] [16] [17] Published data are not yet available for the use of apixaban for stroke prevention in patients with atrial fibrillation. Therefore, its use should be limited to VTE prevention in patients undergoing major orthopedic surgery if the drug is added to the formulary.
While not formally requested, rivaroxaban should be considered in conjunction with the requests by Drs. Henderson and Reno at Virginia City Hospital as part of a comprehensive review of the entire class of medications. Published safety and efficacy data are available for the use of rivaroxaban for VTE prevention in patients undergoing major orthopedic surgery. [18] [19] [20] [21] The formulary status of new anticoagulants should be re-evaluated as additional safety and efficacy data become available.
Conclusion
Certain patients at risk for VTE can present a clinical challenge. The introduction of new anticoagulants may pose a management challenge in determining whether to add the agents to the formulary and restrict their use. The availability of new anticoagulants may help overcome some clinical challenges in preventing VTE and improve patient outcomes.
